Introduction
Patent ductus arteriosus (PDA) comprises 5 -10% of all congenital cardiac lesions. 1 The incidence of PDA is 1 in 500, although most of these children are asymptomatic. 2 The defect must persist beyond 3 months of age to be considered pathological. 1 The male:female ratio is 1:2 unless the condition is associated with other congenital problems. 3 Most children with PDA are asymptomatic; however, 50% of patients with a large PDA will develop pulmonary hypertension 4 and may eventually develop Eisenmenger's syndrome if left patent.
Eisenmenger's syndrome is an irreversible condition where there is a reversal of flow of a congenital systemic to pulmonary shunt that occurs in untreated congenital cardiac defects. A left-to-right shunt is converted into a right-to-left shunt secondary to the elevated pulmonary artery pressures and associated pulmonary vascular disease.
Clinical findings
We describe the case of a 23-year-old woman who presented with acute abdominal pain and shortness of breath. Her history revealed positive HIV status with a CD4 count of 39 x 10 9 /ml. On clinical examination, there was a palpable p2 and clinically suspected pulmonary arterial hypertension. There was no differential clubbing and no machinery murmur at the left sternal border. The patient had a history of longstanding mitral regurgitation.
It is well known that large PDAs may have no audible murmur. Once Eisenmenger's syndrome is established, the murmur may disappear owing to the right-and left-side pressures being equal. 4 The patient underwent emergency laparotomy for the abdominal pain. An ectopic fetus was removed but she continued to saturate poorly; however, no differential peripheral arterial saturation was recorded. Post surgery, she was deemed not extubatable by the attending anaesthetist.
The initial postoperative arterial blood gas on 100% oxygen showed severe respiratory acidosis and hypercapniea with a pH of 7.05, PCO 2 of 60% with a normal mitral valve. There was also triscupid regurgitation, a dilated right ventricle and pulmonary arterial hypertension.
A pulmonary embolus was suspected as the likely cause of the pulmonary hypertension. A computed tomographic (CT) angiogram of the patient's chest was arranged urgently and the surprising presence of a large PDA was found.
Findings on multidetector-row CT (MDCT) in our patient (Figs 1-3) indicated:
• presence of PDA (12 mm diameter)
• presence of pulmonary hypertension; main pulmonary trunk >3 cm • presence of enlarged RV and RA • thrombus present in the RA; subsegmental pulmonary emboli.
Despite initial improvement, our patient deteriorated and died in the ICU 6 days post laparotomy. A postmortem examination was performed and revealed:
• 10 mm diameter PDA • histological evidence of pulmonary hypertension characterised by myointimal proliferation and muscular hypertrophy • multiple small pulmonary thrombo-emboli • right-sided bronchopneumonia • histological features of diffuse alveolar damage.
Imaging

Chest radiography
The features on the chest radiograph most suggestive of a PDA complicated by Eisenmenger's syndrome are:
• filling in of the aorto-pulmonary window and enlargement of the pulmonary arteries • pruning of the pulmonary arteries peripherally • cardiomegaly, especially right-sided enlargement • left atrium and left ventricle can eventually return to normal size as the left-to-right shunt reduces with elevated pulmonary pressures • calcification of the PDA in elderly patients is sometimes visible, especially on a lateral chest radiograph. The above findings are unfortunately nonspecific and are usually only appreciated in retrospect. Any cause of a left-to-right shunt can give similar features (e.g. endocardial cushion defects). The most reliable (but uncommon) sign is a calcified PDA 'railroad track' sign. [5] [6] [7] [8] In our patient, Fig. 4 demonstrates an enlarged cardiac shadow with an enlarged right atrium and right ventricle. The aortopulmonary window is filled in, and there is peripheral pruning suggestive of pulmonary hypertension. There is also patchy consolidation of the right lower lobe.
Echo findings
Typical findings are left atrial enlargement exceeding aortic root diameter and colour flow which usually shows reverse pulmonary artery flow in diastole. A trans-oesophageal echocadiogram is superior to a transthoracic echocardiogram (TTE) in adolescents and adults for the diagnosis. 9 However, TTE is far more commonly used in diagnosing PDAs as it is less invasive. Once Eisenmenger's syndrome is established, the echo will reveal pulmonary hypertension but may miss the PDA (owing to the reversed flow across the shunt). 1 Our patient underwent TTE. Pulmonary hypertension was diagnosed. She was found to have an enlarged right ventricle and tricuspid regurgitation (decompensated right heart because of Eisenmenger's syndrome). The PDA was not identified.
Angiography
CT angiography (CTA) and magnetic resonance angiography (MRA) have largely replaced formal angiography in the investigation of PDAs as the former modalities are less invasive and allow imaging of related anatomy and complications.
Excellent images can be obtained with formal angiography. The PDA will opacify well from the presence of relatively high concentrations of intra-arterial contrast media being injected into the ascending aorta (or even in a pulmonary angiogram, especially if Eisenmenger's syndrome is established). Dimensions of the PDA are then easily measured.
Once Eisenmenger's syndrome (i.e. shunt reversal) is established, the PDA may not be visible on the aortic runs. In such a situation (or in young patients in whom venous punctures are preferable), the femoral vein can be cannulated and a catheter passed into the right side of the heart and into the pulmonary artery and through the PDA. 5, 6 If Eisenmenger's is suspected, cardiac catheterisation is mandatory to measure the pulmonary resistance and thus assess for operability.
Clearly, angiography must be performed if percutanous intervention has been chosen as the course of management. In such cases, it may be useful to temporarily occlude the PDA and assess the resultant haemodynamic changes.
Multidetector computed tomography (MDCT)
MDCT has become an important investigation in patients with PDA, especially those with associated pulmonary hypertension and Eisenmenger's syndrome. 10 Typical findings on MDCT of an uncomplicated PDA would include a tubular structure connecting the descending aorta with the distal main pulmonary artery or the proximal left pulmonary artery. Accurate measurements including narrowest and widest diameter of the PDA as well as length of the PDA can accurately and easily be done on MDCT to assist surgical management. 11 MDCT also demonstrates the extent of calcification associated with the PDA, which will influence surgical management. 12 MDCT assists in evaluating the direction of the shunt associated with a PDA. Studies timed for the pulmonary artery will show a 'negative jet' of unenhanced blood from the aorta to the pulmonary artery via the PDA. Studies timed for the aorta will show a 'positive jet' of enhanced blood flowing from the aorta to the unenhanced pulmonary artery via the PDA. 11 In patients with PDAs complicated by Eisenmenger's syndrome, MDCT is more sensitive than transthoracic cardiac echo in detecting a PDA; this is because of the usual lack of the typical colour flow associated with a PDA when the PDA is complicated by Eisenmenger's syndrome (i.e. the expected direction of flow is reversed). 10 MDCT helps to differentiate mimickers of PDA such as ductus bump (remnant of the ductus arteriosus), aortic dissection or aortic aneurysm. One can also exclude PDAassociated complications on MDCT such as cardiomegaly (LV and LA involvement), pulmonary hypertension (pulmonary artery >3 cm), Eisenmenger's syndrome (shunt reversal, enlarged RV +/-RA), pulmonary oedema, pulmonary infection, pulmonary emboli, and the effects of infective endocarditis.
Magnetic resonance imaging and magnetic resonance angiography
Magnetic resonance imaging (MRI) and magnetic resonance angiography (MRA) can demonstrate PDA complications such as pulmonary hypertension and ventricular dilatation with associated valvular regurgitation. 13 Cine cardiac MRI assists in differentiating uncomplicated PDAs (low signal intensity in main pulmonary artery and descending aorta) from PDAs with Eisenmenger's syndrome (low signal intensity but reversal of flow). 
Conclusion
PDAs complicated by Eisenmenger's syndrome are notoriously difficult to detect on transthoracic echocardiography. The surprise finding in our patient of a large PDA on MDCT confirms the superior sensitivity of MDCT compared with transthoracic echocardiography in patients with Eisenmenger's syndrome.
